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ABSTRACT 

Leptonic flavor- changing if decays with branching ratios of the order of 1CT 5 — 10 -6 
may constitute an interesting framework when looking for large CP- violating effects. We 
show that leptonic CP asymmetries of an intermediate H° boson can be fairly large in 
natural scenarios of the minimal Standard Model (SM) with right-handed neutrinos, at 
a level that may be probed at future H° factories. 
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1. Introduction 



Higgs physics has become the subject of many recent theoretical studies [1,2,6]. It 
was recently argued that the lepton-flavor-violating decays of an intermediate H° can 
be relatively large in the context of the SM with one right-handed neutrino field per 
family [2]. On the contrary, ordinary see-saw models predict vanishingly small flavor- 
changing decay rates for the H° or Z° particle [3] relying on the strong assumption that 
the Dirac and Majorana mass matrices mp and rriM, appearing in the Yukawa sector, can 
be simultaneously brought to a diagonal form. This scenario is equivalent to the single- 
family case, where the mass of the light Majorana neutrino m v and its mixing angle with 
the heavy one £„jv are 



m 2 D m D m u 

m v tt , U» ~ \ (1) 

nriN in M V rn N 

Consequently, one gets very heavy Majorana neutrinos with ~ 10 7 GeV for neutrinos 
that are consistent with cosmological constraints and extremely suppressed mixing angles 
£„jv ~ 10~ 6 , if one approximates the Dirac mass matrix m D by the quark or charged lep- 
ton mass matrix, as dictated by many GUT models (i.e. mp ~ mi eptons ~ 1 GeV). Similar 
conclusions are obtained, even if one right-handed neutrino with Majorana interactions 
will be added in the three generation model [4]. This situation, however, changes drasti- 
cally in a two or three generation model [5,6]. In general, the Yukawa sector containing 
both Dirac and Majorana terms can be represented in an appropriate Majorana basis of 
the neutrino fields as follows: 



- C" -(D° //'" ' \ 
*~m — 2^ L ' R ' 



( m D ^ 

y m T D m M J 



V V R J 



+ h.c. (2) 



where one can always assume uim to be a real diagonal tlr x tlr matrix and an 
arbitrary non-hermitian Ul x n R matrix. The parameter ni(n^) indicates the number 



of left(right)-handed neutrino fields. Actually, it was demonstrated in [5] that e.g. for 
til = Tift = 2, matrices of the form 



rriD — 



a b 
be 



m M — A 



( 



^ 

'a 2 ) 



(3) 



lead automatically to two approximately massless neutrinos. If, for instance, a = b = c, 
we then obtain the two generation version of a democratic family mixing model. The two 
acossiated heavy neutrinos have masses 



m Nl A 



1)2 A 

m N2 ~ —A 



v 2 ' - o ' 



(4) 



The only constraints on the free parameters a, b, c, A are imposed by phenomenology. 
In a global analysis [7] based on charge- current universality, neutral current effects etc. 
it was found, for example, that the allowed maximum value for (^)ij is °f the order of 
0.01-0.13, where the larger value refers to the heavy-light mixings of the systems e — r 
or ji — r and the lower value to mixing in the e — fx sector. 



In this work we wish to investigate whether CP asymmetries defined as 

y T(H° -> Ijj) - T(H° -> U 3 ) ( . 

can, in principle, be observed at LHC or SSC energies, with U being charged leptons. 
We will show that such CP effects are indeed sizeable for the e — r or (j, — r system, if 
the minimal SM is extended by three right-handed neutrino fields, and would be experi- 
mantally measurable when a high efficiency in the r-lepton identification is achieved. 
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2. The SM with right-handed neutrinos 



Although the case of an equal number of left-handed and right-handed neutrino 
states may seem more aesthetical, in general the number of right-handed neutrinos that 
can be added in the SM is arbitrary [8]. Thus, the symmetric neutrino mass matrix M v 
given in eq. (2) can generally be diagonalized by a (ul + ur) x (til + ur) unitary matrix 
U v in the following way: 



U uT M u U u 



(6) 



This gives light neutrino mass eigenstates (i/j) and ur heavy ones (JVj) which are 
related to the weak eigenstates via 



( „oc \ 




I 



,0 \ 



,.oc 



( \ 



Nr 



(7) 



/ 



Denoting the neutrino mass eigenstates by rij (i.e. = v { for i — 1, 2, ... , and = 
Ni- nL fori = rii + 1, ■ ■ ■ ,ni + %), we can write down the relevant Lagrangians that 
describes the interactions between Majorana neutrinos rii and W ± or if bosons [6]. One 
has 



w 

int 



9w 



2V2 



W~% B kjla {\ - 75 ) rij + h.c. 



(8) 



C H - 



9W rjQ 



■'int 



4Mi 



if rij [(m ni + m„ j )Re(C ii ) + i-y 5 (m nj - 77i n .)Im(C ij -)] ^ (9) 



where -B and C are fit x (n^ + tir) and (n^ + n R ) x (n^ + wr) dimensional matrices, 
respectively, which are defined as 



Bio = T, V kkU% wi th j = l,...,n L + n R 

k=i 

C H = S ^fc^fej with i, j = 1, 2, . . . , n £ + n fl 

fc=i 



(10) 
(11) 



in eq. (10) is the relevant nj, x til Cabbibo-Kobayashi-Maskawa (CKM) matrix. For 
completeness, we also give the charged current Lagrangian, which describes the coupling 



of the Majorana neutrinos rii with the unphysical Goldstone bosons i n the Feynman-'t 
Hooft gauge [6]. 



rx 

'-mt 



9W 



2^2 M w 



-X h [m k B l . j (l - ~f 5 ) - B hj (l + 7 5 )m n J rij + h.c. 



(12) 



Some contents on the structure of U u are in order. A sufficient condition for the ul 
light neutrinos to be approximately massless at the tree level is 

(13) 



m D mjj 



As already mentioned in the introduction, eq. (13) cannot be satisfied by ordinary see-saw 
models for finite Majorana mass terms (i.e. tir = 1). This restriction can naturally be 
realized by more than one generation. Especially, one can prove that once condition (13) 
is valid, M u can be diagonalized by a unitary matrix U" of the form 

XJV= ( (i+rrr* cii+ec)- 1 * ] 1 

where ^ = mcrripj and V N is a unitary tir x ur matrix that diagonalizes the following 
symmetric matrix: 



1 

V N 



(14) 



M 



(15) 



Note that the square root of a matrix A is defined as the matrix B obeying the equality: 
BB = A, where all elements Bij are taken to be on the first sheet. It should be also noted 
that the representation (14) in terms of the matrix-valued parameter £ is only possible 
for || £|| < 1. This inequality is obviously consistent with phenomeno logical constraints. 



The matrices B and C satisfy a number of useful identities. Below we list the most 
relevant for us, i.e. 

riL 

Y, B h3 B ti = C« ( 16 ) 

k=l 



(17) 
(18) 
B l3 (19) 

(20) 

Eq. (20), for example, is the generalized form of the unitarity condition for til charged 
leptons and riL + n R neutrinos. Since the explicit form of B and C is rather complicated, 
we can, as usual, approximate B and C in terms of the mixing parameters Up to 
leading order in £, these matrices are given by 

B lv = Vl, B lN = {V l tV N *) lN (21) 
C uu = l, C uN = (£V N % N , C NN = (V N ?£V N *) NN (22) 

Let us now count the number of CP phases in SU {2)l®U (l)y theories with arbitrary 
number of right-handed neutrinos. It is convienient to discuss this problem in a weak basis 
where uim is real and diagonal and the charged lepton fields are rotated so as to coincide 
with their masseigenstates, i.e. 

1% = V$l L . (23) 
At the same time, the neutrino fields have to be transformed as 

< = Vy Lj (24) 

so that the charged current sector is diagonal in this basis. The number of CP phases 
equals the number of non-trivial indepedent phases existing in the non-hermitian riLXn R 
Dirac mass matrix mo- Thus, mo possesses ninn phases from which only til phases 
coming from can be redefined away, since the phases of v^L are fixed by the above 



n L +n R 

^2 n^n.Bi^B^i = 
i=i 

53 m^BuC-j = 
i=i 

n L +n R 
53 BliCij = 

1=1 

53 B hi B l 2 i = 
i=l 
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assumptions. As a result, the net number of CP phases in these theories will be given by 
the relation 

N C p = n L (n R - 1) , for n R > 1 (25) 

The same conclusion can be derived by following line of arguments similar to that of 
ref. [9]. From eq. (25) it is obvious that models with one right-handed neutrino and arbi- 
trary number of left-handed ones [4] cannot account for possible CP- violating phenomena 
in the leptonic sector. In other words, at least two or more right-handed neutrinos are 
required to explain possible CP asymmetries in the leptonic H° decays. 

In the next section we will present the analytical calculation and numerical results 
for the off-diagonal leptonic H° decays and their acossiated CP phenomena. We will dis- 
cuss these effects in two illustrative scenarios, where two and three right-handed neutrinos 
are present, respectively. 



3. Leptonic CP asymmetries in H decays 

As is well known, CP violation requires the existence of at least two amplitudes 
with different absorptive parts as well as different relative weak phases that cannot be 
rotated away. In this context, numerous studies on possible CP mechanisms that may 
take place at high energies and can give rise to large CP- violating phenomena have been 
presented in the literature over the last years [10-13]. The above requirement leads to the 
additional restriction that at least one heavy Majorana neutrino N\ with mass 

m Nl ~ 100 GeV (26) 

must be present. Then, the effective h — l 2 — H° coupling (see fig. 1) - with h, l 2 being 
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two different charged letpons - acquire absorptive contributions for < Mh, which 
result from on-shell v^Ni intermediate states as shown in the diagrams la and lb. Here, of 
course, we have implicitly assumed that we are dealing with an intermediate mass Higgs 
boson (i.e. 100 < M H < 140 GeV), whose branching ratio into bb pairs is of the order 
one. In addition, in order to avoid excessive complication in our calculations, we make 
the following realistic asumptions for the vertex function: 

2 

m h = , « 1 (27) 

lvl w 

In fact, the matrix element of the amplitude H° — > Z1Z2 can be parametrized as follows: 
T(H° - hl 2 ) = ^ + iF^{MD] u, 2 (l - 75 )v ;i (28) 

107T M\\r 

where F d%s (q 2 ) and F abs (q 2 ) are complex form factors, which are related to each other by 
a subtracted dispersion relation of the form 

F dls {M 2 H ) = F diS (q 2 = 0) + — ^ V \ dq 2 -. - lg J 2 , (29) 



tt J * q 2 (q 2 - M 2 H ) 
In what follows, we will focus our attention on two class of models, which have different 
phenomenological features. 



3.1 The model with tir = 2 

In this first scenario we assume the presence of two right-handed neutrinos in the 
Yukawa sector, i.e. tir = 2. In particular, to satisfy condition (26), we assume that the 
resulting two heavy neutrinos Ni and iV 2 have masses mjv x — 100 GeV and mjv 2 > 2Mw- 
Since in this model det M u = 0, one of the light neutrinos will be massless (at the tree 
level), while the other two neutrinos can be taken to be extremely light by taking condi- 
tion (13) to be approximately valid. 
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The number of mixing parameters Bij and in these theories seems to be rather 
large. However, employing identities (17) and (18) we can derive some helpful relationships 
among them such as 

m Nl 



\ B hN 2 B hN2 \ 



Bi Mo C 



l 2 N 2 ^N 2 N 2 B llN2 



m 



m 



-£} hNl <^ NlNl tf hNl 



N 2 

\Bi 2 n 2 C N2 N!Bi iNi \ 



m Nl 
m N2 



(30) 
(31) 



Bi 2 n-lC NlNl B* hNl \ (32) 



from which we can estimate the order of magnitude for the different CfTM-mixing com- 
binations. Actually, we find that expressions of the form (31) and (32) arising from the 
graphs (la) and (lb) are ^-suppressed and will thus not be considered here. Eq. (30) 
shows a direct relation between heavy neutrino masses and CKM mixings which must 
also be taken into account. As a consequence, the form factor F dls evaluated at q 2 = [2] 
can be cast into the following form: 

F dis (q 2 = 0) = 



1 n ^ 2 . f 3 1 3 



2 § B w B U*i\ ~ 2 T^x + 713 

3 A, In A 



+ 

3 

+ - 



1 - A,) 3 
1 



+ 



M 2 H r A, ; In A,; 



M 2 W 



\> A,) 2 
1 A 2 lnA ? - 



;i - a,) 3 

A,; 



2 (1-A,) 3 



4(1 -A,) 2 4(1 -A*) 5 



where 



A.; 



m 



Ni 



Ml ' 



for 



1,2 



(33) 



(34) 



To make use of eq. (29), we need the analytical form of F abs (q 2 ), which has been calculated 
by applying the usual Cutkosky rules [14]. Keeping terms of order £ 2 , we get 

n R =2 ( 

F abs (q 2 ) = £ B hNi B; iNi \A -l(q 2 ,m%,0) + K(q 2 , m 2 N ., 0, M 2 ^) 
i=i I 

-4F( g 2 ,m^0,M^) + 2F{q 2 ,M 2 w ,M 2 w ,m 2 Ni ) 

+ 2 ( 2+ i^) G(g2 ' M ^' M ^' m ^ ) " 2K tf>^^ m N>) 



+ 



Ml 

M 2 W 



F{q 2 ,M 2 w ,M 2 w ,m 2 N ^ - K(q 2 , M 2 W , M 2 ,, m%) 



(35) 



where the functions J, F, K, G are given below 



I(q 2 ,ml,ml) = 
with X(x, y,z) = 

K(q 2 ,mi,m 2 2 ,M 2 ) = 



9(q 2 - (m 1 + m 2 ) 2 ) 1 ^\ 1 / 2 (q 2 ,m 2 1 ,m 2 2 ) 
(x — y — z) 2 — Ayz 



2q 2 ' 



(36) 



% 2 -(m 1+ m 2 ) 2 )^^f In 
Z q 



t + (q 2 ,m 2 ,m 2 ) - M 2 
t-(g 2 ,mf,m|) - M 2 



with 



2 2 2 _,_ \ 1/2/ 2 2 2^ 

g — m 1 — m 2 =F A ' (g , m 1 ,m 2 ) 



(37) 



F(g 2 ,m 2 ,m 2 ,M 2 ) 
G(g 2 ,m 2 ,m 2 ,M 2 ) 



M ^-/(g 2 ,m 2 ,m 2 ) + ^——^-K(q 2 , m 2 , m 2 ,, M 2 ) (38) 



Mi 

M 2 



[F(g 2 ,m 2 ,m 2 ,M 2 ) - F(g 2 , m 2 , m 2 , 0) 



(39) 



Finally, the absorptive part of F{Mjj) for if°-mass values being above the N\ mass and 
below the threshold of real WW production is obtained by 



F abs (M 2 H ) 



m 



w 



- I(M 2 H ,m 2 Nl ,0) + K(M 2 H ,m 2 Nl ,0,M^) 



-4F(M 2 ,m 2 fl ,0,M 2 ,) 



(40) 



Being optimistic in our numerical considerations, we use the value 0.13 for the CKM- 
mixing combination {Bi^Bf N | which is about the maximal experimentally allowed value 
for l 2 — t and l\ — e or /i [15]. So, after performing numerically the integration in 
eq. (29), we evaluate the partial width of the H° decay into two different leptons through 
the expression 



T(H° ->Z"iZ 2 or hl 2 ) 



128vr 2 M 2 , 



M, 



H 



F dis {M 2 H ) 



+ 



F abs {M 2 H ) 



(41) 



Eq. (41) also enable us to check quantitatively the correctness of our formulas for sufficient 
small values of the ratio M^/AM^- We have found them to be in agreement with the 
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numerical results given in [2]. 



We are now in the position to investigate numerically the observability of the off- 
diagonal leptonic decay modes of H° by studying the ratio 

t(h° -> ki 2 ) + r(jj° -> hi 2 ) 

Rhh - T(H° _> 65) ( 42 ) 

The dominant decay channel of H° to 66 pairs, after including QCD corrections, has been 
estimated in [16]. The results of [16] can be summarized as follows: 



r(#° - 66) = *^M B ^-{1 + l-8«. + 2.95a s 2 ) (l + 0(||)J (43) 



where m b is the running b-quark mass given by 

12 

= (^) ^ ( X + °- 374 «* + 0.15a") (44) 

with rh b = 8.23 GeV, for = 150 MeV. The QCD coupling a s and running mass m b 
are evaluated at scale M H . 



In this model the CP-asymmetry parameter A C p defined in eq. (5) turns out to be 

^ g2 ^ fcr i^/+?4w)i' (45) 

where 5cp is a CP-odd rephasing-invariant angle between the CKM expressions 
Bi 2Nl B^ iNi and B i2N2 Bf iN2 . Unfortunately, eq. (31) implies that 5cp = and hence 
A C p = 0. In eq. (45) F^ S (M^) stands for the iih summation term in eq. (33). Because of 
relation (30) F^(Mfj) will give the biggest contribution to F dls . Therefore the branching 
ratio will be rather indepedent of the heavy neutrino mass N 2 . In table 1 we present the 
numerical results for the branching ratio R as function of the N 2 mass. On the other 
hand, as has been discussed extensively in [17], one expects that LHC or SSC colliders 
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will produce 10 6 — 10 7 H° particles a year provided M H < 140 GeV. Therefore, in the 
SM with two right-handed neutrinos, flavor- changing decays of H° in the leptonic sector 
could, in principle, be observed if a next generation luminosity upgrade of a factor of 10 
is assumed. 



3.2 The model with n R = 3 

Let us now consider the case where each left-handed neutrino i/£ has a right-handed 
partner v\ % . This scenario is more symmetric than the previous one and may hence rep- 
resent a rather realistic situation. In particular, we assume that the one heavy Majorana 
neutrino iV\ is relatively light, i.e. m Nl ~ 100 GeV, while the other two neutrinos are 
non-degenerate (i.e. <mjv2 < mjv 3 ), but their masses lie in the TeV range. 
From eq. (18) we have the folowing useful approximations: 

m\ 2 \Bi 2N2 \ 2 

L 'N 3 N 3 — — 2~ 75 [, <^N 2 N 2 (40J 

m N 3 \Bl 2 N 3 \ 

m N2 Bf 2N2 

^N 3 N 2 — -— ^N 2 N 2 I 4 'J 

m N 3 rf hNa 

As a result of eqs (46) and (47), the contribution to the form factor F dls (q 2 ) coming from 
the mixing angle quantity \Bi 2 n 2 Cn 2 n 2 B* iN2 \ may become the most dominant one. To 
leading order in an expansion of 1/ A 2 we get [2] 

F dls (q 2 = 0) ~ \Bi 2 N 2 C N2N2 B* hN2 A 2 (48) 

For the phenomenologically compatible values of Cn 2 n 2 ~ 0.1 we readily see that the other 
C-fTM-mixing terms appearing in eq. (48) can safely be neglected provided m N2 3 ~ 1 TeV. 
In this scenario the ratio Ri^ behaves like 

R hh - 12 (^) ~y ^2 \ B hN 2 C N2 N 2 B* iN2 \ 2 (49) 
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while the CP asymmetry can be simply obtained by 

8 smScP F^{M%) 
a cp - o te, — r r* — T x ^ 

Before proceeding with the presentation of the numerical results, we wish to com- 
ment on the dramatic enhancement of the quantity R by increasing the heavy neutrino 
mass in eq. (49). For definiteness, when mi 2 = m T , we find that 

R™ ax ,R™ ax ^ 1(T 2 (51) 

for m N , 2 = 10 TeV and Bi 2N2 C 'n 2 n 2 Bi iN2 ~ 0.01. Here two different constraints must be 
taken into account: the requirement of pertubative unitarity and consistency with the 
existing data on lepton-flavor-changing Z° decays. The former restriction gives roughly 
an upper bound 



0-03 (52) 



_8_ M| 

aw tti 2 n 

for rriN 2 ~ 10 TeV by imposing the inequality condition Y^/rriN < 1/2, where is the 
width of the heavy neutrino N. Nevertheless, to the best of our knowledge, constraints 
from leptonic Z° decays have not been considered as yet in this class of models. Adapting 
the results for Z° — > bs of ref. [18], we get a first estimate for the Z° — > lj 2 matrix 
element: 

2 

rp/ v ; T\ 9W a W D n u * m N 2 -is \ a 

T(Z ->ZiZ 2 ) ~ — ^-B hN2 C N2N2 B liN — f u, 2 7„(l -75K e£ 

(53) 

In order to reconcile the experimental value of [19] 

BR(Z° -> er or fir) < 10" 5 (54) 

with the theoretical prediction, we must constrain mixing-angles and heavy neutrino 
masses to the following range: 



\Bi 2 N 2 C N2N2 B* hN2 \ 2 1 ^ < 10 3 (55) 



M w 
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Consequently, in order to be consistent with eqs (52) and (55) in our numerical estimates, 
we use the optimistic value of ~ 0.001 for B i2N2 C 'n 2 n 2 Bi iN2 . From table 2 we see that this 
scenario yields rather encouraging branching-ratio values of the order of 10~ 4 — 10~ 5 and 
CP asymmetries of the order of one (~ 40 %). 

4. Conclusions 

Both flavor- violating signals and CP violation in leptonic H° decays may arise in 
the Standard Model with three right-handed neutrinos, at a level that may be tested at 
future H° factories. Such class of models can naturally provide, tiny masses for the light 
neutrinos, relatively light masses (e.g. of the order of 100 GeV) for the heavy ones, as well 
as large light-heavy neutrino mixings (i.e. £ u n ~ 0.1), contrary to the traditional see-saw 
models. We find that these models may reveal attractive phenomenological features at 
high energy colliders such as SSC or LHC. As has been shown, branching ratios of 
the order of 10~ 4 — 10~ 5 and CP asymmetries of order one in leptonic off-diagonal H° 
decays can, in principle, be detected in these planned collider machines. More precisely, 
we suspect to be able to analyze 10 2 — 10 3 events for the decays H° — > er or /it. Then, 
the contributing background to the above decays will be about 10 4 events - in which the 
Higgs invariant mass has been reconstructed by using leptonic subsequent decays of tt 
pairs [20] - which is 10-10 2 times bigger than the desired signal. However, the simulta- 
neous knowledge of large CP asymmetries of the order of 10 _1 — 10~ 2 (after including the 
background mentioned above) makes it theoretically possible to establish such small and 
very interesting effects in the leptonic H° decays. Finally, special attention has been paid 
to the fact that the resulting values of the phenomena discussed in this work are consis- 
tent with all the existing information arising from neutrino-mixing effects, the validity of 
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pertubative unitarity and data of rare Z° decays at LEP. 

In conclusion, in the simplest model which predicts heavy Majorana neutrinos, 
i.e. the Standard Model with right-handed neutrinos, we have explicitly shown that fla- 
vor nonconservation and CP violation in leptonic H° decays can indeed be sizeable and 
are generally not suppressed by the usual see-saw mechanism. The attractive theoretical 
aspects of this minimal class of models may also lead to further phenomenological inves- 
tigations in the gauge sector of the SM or/and in the kaonic system [21]. 

Note added. The decay processes Z° — > lj 2 have recently been analyzed in [22] in the 
context of the models discussed here, giving branching ratios closed to those that are 
qualitatively obtained by eqs (53) and (55). 



15 



References 

[1] For a review see, e.g., J. Gunion et al: The Higgs Hunter's Guide, (Addison- Wesley 
Publ. Co., Redwood City, 1990); 

R. Decker, M. Nowakowski and A. Pilaftsis, Mod. Phys. Lett. A6 (1991) 3491;E7 

(1992) 819; Mainz preprint in 1992, MZ-TH/92-25 to appear in Z. Phys. C. 

G. Altarelli, talk given at the Int. Workshop on Electroweak Physics, Valencia, Spain, 

Oct. 2-5, 1991, CERN TH.6317/91; 

A. Datta and A. Pilaftsis, Phys. Lett. B278 (1992) 162. 

[2] A. Pilaftsis, Phys. Lett. B285 (1992) 68. 

[3] J. Bernabeu, A. Santamaria, J. Vidal, A. Mendez and J. W. F. Valle: Phys. Lett. 
B187 (1987) 303; 

N. Rius and J. W. F. Valle, Phys. Lett. B246 (1990) 249. 
[4] C. Jarlskog, Phys. Lett. B241 (1990) 579. 

[5] W. Buchmiiller and D. Wyler: Phys. Lett. B249 (1990) 458; see also A. Datta and 
A. Pilaftsis in [1]. 

[6] A. Pilaftsis, Z. Phys. C55 (1992) 275. 



16 



[7] P. Langacker and D. London, Phys. Rev. D38 (1988) 886. 



[8] J. Schechter and J. W. F. Valle, Phys. Rev. D22 (1980) 2227. 

[9] J. Bernabeu, G. C. Branco and M. Gronau, Phys. Lett. B169 (1986) 243; 
G. C. Branco, M. N. Rebelo and J. W. F. Valle, Phys. Lett. B225 (1989) 385. 

[10] W. S. Hou, N. G. Desphande, G. Eilam and A. Soni, Phys. Rev. Lett. 57 (1986) 1406; 
J. Bernabeu, A. Santamaria and M. B. Gavela, Phys. Rev. Lett. 57 (1986) 1514; 
The above two theoretical groups have first studied CP nonconservation at high en- 
ergy colliders by considering flavor-changing Z° decays. The mechanism of generating 
CP violation in leptonic H° decays is similar to them. 

[11] A. Pilaftsis, Z. Phys. C47 (1990) 95; Here, another CP mechanism based on ab- 
sorptive parts which are induced by particle widths (e.g. the top width) has been 
discussed; 

A. Pilaftsis and M. Nowakowski, Phys. Lett. B245 (1990) 185. 

[12] M. Nowakowski and A. Pilaftsis, Mod. Phys. Lett. A6 (1991) 1933; 
G. Eilam, J. L. Hewett and A. Soni, Phys. Rev. Lett. 67 (1991) 1979; 
R. Cruz, B. Grzadkowski and J. F. Gunion, Phys. Lett. B289 (1992) 440; 
A. S. Joshipura and S. D. Rindani, preprint of Physical Research Laboratory, PRL- 
TH/91-29 (to appear in Phys. Rev. D). 



17 



[13] W. Bernreuther and O. Nachtmann, Phys. Rev. Lett. 63 (1989) 2787; 
Phys. Lett. B268 (1991) 424; 

J. G. Korner, J. P. Ma, R. Munch, O. Nachtmann and R. Schopf, Z. Phys. C49 
(1991) 447; 

W. Bernreuther, O. Nachtmann, P. Overmann and T. Schroder, preprint of Heidel- 
berg University in 1992, HD-THEP-92-14. 

[14] R. E. Cutkosky, J. Math. Phys. 1 (1960) 429. 

[15] see, for instance, table VII in ref. [7]. 

[16] S. G. Gorishny et al, Mod. Phys. Lett. A5 (1990) 2703; and references therein. 

[17] Z. Kunzst and W. Stirling, Proc. of Large Hadron Collider Workshop, CERN-90-10, 
Aachen 4-9 October, eds C. Jarlskog, D. Rein, p. 428; 

[18] M. Clements et al, Phys. Rev. D27 (1983) 570. 

[19] Review of Particle Properties, Phys. Rev. D45 (1992) SI. 

[20] L. DiLella, Proc. of Large Hadron Collider Workshop, CERN-90-10, Aachen 4-9 Oc- 
tober, eds C. Jarlskog, D. Rein, p. 530; 

K. Bos, F. Anselmo and B. van Eijk, Proc. of Large Hadron Collider Workshop, 



18 



CERN-90-10, p. 538. 



[21] P. Langacker, S. U. Sankar and K. Schilcher, Phys. Rev. D38 (1988) 2841. 



[22] J. G. Korner, A. Pilaftsis, K. Schilcher, Mainz preprint in 1992, MZ-TH/92-49. 



19 



Figure and Table Captions 



Fig. 1: Feynman graphs responsible for the flavour- changing lepton-lepton-if ver- 
tex in the Feynman-'t Hooft gauge. The dashed lines indicate on-shell 
contributions from the intermediate states. 



Tab. 1: Numerical results of the ratio i? max for the decay modes H° — > er or /it in 
the SM with two right-handed neutrino fields {tir = 2). In our numerical 
estimates we have used the following set of parameters: M w = 80.6 GeV, 
M z = 91.161 GeV, m T = 1.784 GeV, a em {M^) = 1/128, B hNl Bf iNi ~ 0.13. 

Tab. 2: Numerical results for R max and A C p in a model whith three right-handed 
neutrinos. Here, we have m N , 2 < m N3 and B i2N2 C 'n 2 n 2 BI iN2 ~ 0.001. 
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Table 1 



m N2 


TDmax 

K lT 


TDmax 
K lr 


[TeV] 


n R = 2 


n R = 2 




M H = 120 GeV 


M H = 140 GeV 


0.2 


1.42 HT 7 


2.27 10- 7 


0.5 


1.39 10~ 7 


2.26 10~ 7 


0.7 


1.38 10~ 7 


2.33 10~ 7 


1 


1.40 10~ 7 


2.31 10~ 7 


1.5 


1.39 10~ 7 


2.27 10~ 7 


5 


1.37 10~ 7 


2.23 10~ 7 
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Table 2 



m N2 


TDmax 
K lr 


TDmax 


\A C p\ 


\Acp\ 


[TeV] 


n R = 3 


n R = 3 








M H = 120 GeV 


Mu = 140 GeV 


M H = 120 GeV 


M H = 140 GeV 


1 


1.6 10~ 8 


1.8 10~ 8 


0.80 


0.90 


2 


2.2 10~ 7 


2.4 10~ 7 


0.70 


0.80 


3 


1.1 10~ 6 


1.2 10~ 6 


0.50 


0.70 


5 


8.2 10~ 6 


8.5 10~ 6 


0.22 


0.27 


7 


3.1 10~ 5 


3.2 lO" 5 


0.12 


0.14 


10 


1.3 10~ 4 


1.4 10~ 4 


5.7 10~ 2 


6.8 10~ 2 
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